Tropical forests support a rich biodiversity of terrestrial mammals, yet our knowledge of the conservation of forest reserves is lacking. We investigate the relationship between human activities and the abundance of mediumsized terrestrial mammals within 4 forest reserves in Uganda. These reserves allow firewood collection, timber cutting, gardening, and pole cutting. Illegal hunting also takes place. We found a general decline in terrestrial mammal signs in the reserves compared to the better protected adjacent Kibale National Park. Signs of aardvarks, bushbucks, bush pigs, duikers (blue and red), giant pangolin, giant forest hogs, porcupines, and jackals are still present in some of our reserves.
Tropical forests are well-known for their high diversity of terrestrial mammals (Ceballos and Ehrlich 2002) , in fact they support far more than 50% of all known species of large-and medium-sized ungulates (National Research Council 1992) , and many such terrestrial mammals are incapable of surviving in modified habitats or open grasslands (Struhsaker 1997; Wanyama et al. 2009 ), particularly if hunted (Peres 2000; Blake and Hedges 2004; Reyna-Hurtado et al. 2010) .
Tropical forests are being degraded and destroyed at a very high rate. Between 2000 and 2012, tropical forest loss increased by 2,101 km 2 per year (Hansen et al. 2013 ). This high rate of deforestation is largely driven by increased human population size and consumption rates (Isabirye-Basuta and Lwanga 2008; Chapman et al. 2010) . In Africa, local communities living adjacent to many forests typically practice subsistence shifting agriculture but are highly dependent on forest products (Naughton-Treves et al. 2011) . These forest products include fuelwood, bushmeat, medicinal plants, timber, and building poles. This extraction creates forest gaps and often disrupts ecosystem function (Beckman and Muller-Landau 2007; Wright et al. 2007 ). This process has been going on for centuries (Hamilton et al. 1986 ) but has recently increased dramatically in intensity and led to a reduction or total disappearance of some ungulate populations in unprotected forests through local, national, and international processed (Wanyama et al. 2009; Chapman et al. 2013) . Even many protected areas have failed to adequately protect some terrestrial mammal species (Redford and Richter 1999; Bruner et al. 2001; Seiferling et al. 2012; Maisels et al. 2013) . In Uganda, the country of this study, the situation is critical. Closed-canopy tropical forest once covered 20% of the country's land area, but deforestation has reduced this to just 3% (Howard et al. 2000) . Furthermore, between 1990 and 2000, Uganda lost 18% of its remaining forest (Howard et al. 2000) and the most recent estimate suggests that the annual rate of loss of tropical forest is 7% (Pomeroy and Tushabe 2004) . Because most of Uganda's national parks were established in grasslands (MISR Makerere University Institute for Social Research 1989), national parks offer little protection for forest mammals that rely forested ecosystems. Unfortunately, forest reserves are vulnerable to anthropogenic pressures (Bruner et al. 2001) . Protected areas are generally effective at preventing land clearing but are less effective at preventing logging, human-created fire, cattle grazing, and bushmeat hunting (Bruner et al. 2001; Naughton-Treves et al. 2011) , which typically are initiated by members of nearby communities (West et al. 2006; Hartter et al. 2011) . However, within protected areas, national parks are viewed as more effective at protecting wildlife than forest reserves (Plumptre and Reynolds 1994; Fashing and Cords 2000; Plumptre et al. 2001; S. Mugume, pers. obs.) .
Despite their general ineffectiveness, forest reserves form a large percentage of the protected tropical forests in many regions, are typically considered in estimates of remaining forest and mammal habitat (Baranga 2004; Chapman et al. 2006; FAO 2010 FAO , 2012 , and are often assumed to be an effective means of protecting terrestrial mammals (Plumptre et al. 2003) . However, the ability of forest reserves to conserve mediumsized mammals is poorly quantified, particularly in the light of bushmeat hunting. Subsistence and commercial hunting are having devastating impacts on terrestrial mammal populations in many regions (Redford 1992; Wilkie et al. 1992; BowenJones and Pendry 1999) . From case studies, it is clear that bushmeat hunting provides a major source of food for many local communities, and primates and ungulates are often the target of such hunting activities (Martin 1983; Peres 1996; Fa et al. 2002) . Compared to many other taxa, most terrestrial mammals are relatively large bodied, giving a good return of meat for hunting investment, and are considered highly palatable.
Here, we investigate the relationship between human activities and the relative abundance of medium-sized terrestrial mammals within 4 forest reserves in Uganda. These reserves allow firewood collection, timber cutting, gardening, and pole cutting, and illegal hunting also occurs.
Materials and Methods
Study area.-The study was conducted in 4 forest reserves (Matiiri, Itwara, Kibego, and Buhungiro; Fig. 1 ) from September 2008 to April 2010. The reserves all lie in Western Uganda. These forests are remnants of extensive tropical forest that once stretched from the west coast of Africa to the east beyond the Kenyan border; however, because of increased human settlement and agricultural development, these forests have been isolated (Hamilton 1974 (Hamilton , 1984 Hamilton et al. 1986 ). These reserves are close to Kibale National Park (795 km 2 ) and Semuliki Wildlife Reserve (220 km 2 ), which are important mammal habitats and have a higher protection status than the 4 forests (Chapman and Lambert 2000; Mugume 2003 Uganda 1996 Uganda , 2000 Uganda , 2002 . Matiiri (64 km 2 ) and Itwara (84 km 2 ) are relatively bigger than Kibego (12 km 2 ) and Buhungiro (8 km 2 ). All the 4 forests are managed by Uganda National Forest Authority which allows some human activities alongside conservation. The tradition of the cultures in the area is that men enter the forest, as women are scared of what could happen if they were alone in the forest; women only collect fuel wood on forest edges (Naughton- Treves et al. 2006) .
Transects and footprints/signs (tracking stations).-Mediumsized mammals were counted along transects using standard line transect census methodology. Depending on its size, the number and length of transects in each forest reserve varied, with a minimum length of 2 km and a maximum length of 8 km. Transects were visited between 0800 and 1200 h and 1500 and 1900 h once a month for the first 8 months and then twice a month for the next 12 months (repeat censuses on the same day were averaged). We identified and recorded all mammal sign, such as pellets and footprints, that was visible from the transect.
To obtain another estimate of relative abundance of largeand medium-sized mammals, following the method described in the literature Conover and Linde 2009) . We established 1 × 1-m tracking Fig. 1.- The location of the 4 forest reserves studied here, the other major protected areas in the region, and the general area within Uganda. The black square on the map of all Uganda is the study area where the forest reserves were located. stations 500 m apart along each transect. The day before sampling, each plot was cleared of vegetation and dug to loosen the earth, so that any animal that stepped in the plot would leave a clear print. In cases where the footprints could not be identified, photographs were taken and later interpreted using the mammal guide book (Stuart and Stuart 2009 ). After each observation, plots were cleaned by releveling the loosened soil so that new footprints could be captured for identification and counting during the next visit. These plots were monitored once every 2 weeks during the last 12 months.
Any human signs along the transects was mapped using a GPS and overlaid on a map of the distribution of each terrestrial mammal. It is very rare to find people engaged in illegal activities; for this reason, to establish the intensity of such activities, indirect signs were used of human disturbance (Olupot and Chapman 2006) . Signs of pitsawying, charcoal processing, pole cutting, hunting, grazing, gardening, and fuel-wood collection were recorded along transects used for censusing mammals. Further data on illegal activities were collected in 25 × 25-m plots that were set every 500 m along the transect. Each plot was established 50 m from the center of the transect. The cumulative number of signs of illegal human activities along the transects and in these plots were calculated to give a relative index of intensity of signs per km 2 and these values were compared among reserves. To establish if animals favored closed forest to open forest, average canopy cover for each transect was estimated using a densitometer every 100 m.
Relative abundance of mammals was calculated based only on footprints which were more abundantly and more consistently seen than any other sign. Data from the transect and tracking stations were summed to represent the relative abundance of animals and similarly data from the transects and the 25 × 25-m plots were summed to obtain a relative index of human disturbance. We used the Kruskal-Wallis test to examine if the relative abundance of mammals differed among forest reserves. Kendall's correlations were performed to test the relationship between the index of human activity, average percent canopy cover, and mammal relative abundance. Transects were considered independent in the statistical analysis; thus, the samples size is 20. It is reasonable to use transects as independent units as resources and habitat quality changes rapidly, and it is not necessary to us a Bonferroni correction factor when examining multiple variables (e.g., human activity, canopy cover-Perneger 1998; Nakagawa 2004).
The research followed the guidelines of American Society of Mammalogists and was approved by National Council for Science and Technology of Uganda, the Uganda Wildlife Authority, the National Forest Authority, and McGill University Animal Care.
Results
Indirect signs (dung, footprints, diggings, feeding sites, and burrow pits) of 9 species of medium-sized terrestrial mammals were seen across all 4 of the forest reserves combined. Footprints were the most common sign both along the transect and within tracking stations. Out of these 9 species, Itwara had the richest community with 8, Matiiri had 7, while Kibego and Buhungiro each had 5 species. Bush pigs (Potamochoerus larvatus), porcupines (Erethizon dorsatum), and 2 duiker species (red Cephalophus natalensis and blue Philantomba monticola duiker species were combined as their prints are difficult to distinguish; however, there were instances where tracks could be differentiated) were found in all forest reserves. Giant forest hogs (Hylochoerus meinertzhageni) were only found in Itwara (Table 1) . A few direct sightings of blue or red duiker, bush pigs, and baboons (Papio anubis) were recorded in Itwara, Matiiri, and Buhungiro (Table 1) . Burrow pits of aardvarks (Orycteropus afer) were only observed in Itwara and Matiiri and bushbucks (Tragelaphus scriptus) were only present in Itwara and Kibego. Nests of giant pangolins (Manis gigantea) were seen in Itwara and Kibego, but no other signs of this species were observed (Table 1 ). In Matiiri, Buhungiro, and Itwara, signs of medium-sized mammals were found along all transects, while at Kibego, signs were only found on the 2 lines that were close to the edge.
Based only on footprints, Matiiri had the highest relative abundance of bush pigs, followed by Itwara, Kibego, and lastly Buhungiro (Table 2) . Bushbuck footprints were only seen in Kibego and Itwara, where one bushbuck was seen and dung was recorded. Footprints of giant pangolin were only seen in Matiiri (Table 2) . Footprints of porcupines were only seen in Matiiri and Buhungiro, but in Itwara and Kibego, burrow pits of porcupines were recorded. Jackals were recorded in Matiiri and Buhungiro (Table 1) . Encounter rates of signs of bush pigs and duiker in the 4 forests were not significantly different (n = 20, P = 0.26 for both species). Other species were not evaluated given the sample size per reserve.
When we examined if the relative abundance of different species was associated with canopy cover, we discovered that only porcupines were negatively correlated with canopy cover (Table 3) .
Human activities were grouped into 3 categories: 1) those thought to be related to hunting which included snares and dog footprints; 2) those known to cause changes in ground vegetation through agriculture which included grazing and gardening; and 3) those that change canopy cover (wood harvest, charcoal processing, pitsawying, and pole cutting). Charcoal processing was only seen in Itwara and Matiiri. Gardens were only seen in Matiiri and Buhungiro, while signs of hunting were seen in all forests (Table 4 ). There was no significant difference between the encounter rates of pole cutting, foot paths, hunting, grazing, pitsawying, charcoal processing, and other human activities among the 4 reserves (n = 20, P = 0.26 in all cases).
In Itwara, there was a positive correlation between incidences of baboons and number of hunting signs (Kendall; P = 0.006, n = 17); a negative correlation between number of duikers and number of pitsawying sites (P = 0.044, n = 17), and a negative correlation between number of pitsawying sites and number of blue duikers (P = 0.044, n = 17), when blue duiker prints could be distinguished from those of red duiker.
There was a negative correlation between the distance from the edge of the forest at Itwara and canopy cover and the number of footprints of bush pigs (P = 0.014, n = 1,328 and P = 0.005, n = 1,328, respectively). There was a positive correlation between number of footprints of bushbucks, red duikers, and the number of footprints of human at Itwara (P < 0.001, n = 1,328 and P < 0.001, n = 1,328, respectively) and a positive correlation between number of footprints of humans and number of footprints of civets, jackals, and genets (P = 0.005, n = 1,328; P = 0.001, n = 1,328; and P = 0.012, n = 1,328, respectively).
In Matiiri, there was a positive correlation between signs of bush pigs, number of grazing sites, and signs of hunting (P = 0.035, n = 18 and P = 0.001, n = 18, respectively); a positive correlation between signs of duikers and number of charcoal processing sites seen (P = 0.038, n = 18); a positive correlation between number of baboons and number of hunting signs (P = 0.04, n = 18); and a positive correlation between number of baboons and number of pitsawying sites (P = 0.032, n = 18). We combined other low-impact human activities such as firewood collection, human footprints, collection of medicinal plants, and accessing water sources into one category called "other human activities" and only baboons were positively correlated to these signs of human activities (P = 0.002, n = 18). The number of footprints of duiker, dog (P < 0.001, n = 1,537), cattle (P < 0.001, n = 1,537), and goats were also positively related (P < 0.001, n = 1,537). In Buhungiro, human footprints are spread throughout the forest but had a positive correlation with the occurrence of baboon prints (P < 0.001, n = 352). In Kibego, there was a positive correlation between number of footprints of goats and number of footprints of baboons, duikers, genets, giant forest hogs, and civets (P = 0.016, n = 638; P = 0.03, n = 638; P = 0.026, n = 638; P = 0.01, n = 638; P < 0.001, n = 638; and P < 0.001, n = 638, respectively).
The number of dog prints was related to the number of prints of bush pigs, baboons, duikers, and genets (P < 0.001, n = 638; P = 0.04, n = 638; P = 0.05, n = 638; and P = 0.011, n = 638, respectively). There was also a positive correlation between number of footprints of cattle and number of footprints of bush pigs, civets, genets, and giant forest hogs (P = 0.027, n = 638; P = 0.034, n = 638; P = 0.029, n = 638; and P = 0.001, n = 638, respectively).
Discussion
Several medium-sized mammals were generally positively correlated with human presence in all forest reserves and only duikers in Itwara were negatively associated with pitswaying. This pattern likely reflects the skills of the hunters to go to the areas where game is most abundant. Some species showed no pattern with human presence, likely because they were detected only a few times (e.g., giant forest hog, giant pangolin, and bushbuck). The low relative abundance of these species suggests that they are not doing well in these small, highly perturbed forest reserves as compared to large protected areas. For example, giant forest hog and bush buck are common inhabitant of Kibale National Park and the latter can even be seen in the biological station on a daily basis (R. Reyna-Hurtado and C. A. Chapman, pers. obs.). These patterns are very similar to other geographic areas. For example, white-lipped peccary (Tayassu pecari) and tapir (Tapirus bairdii) are the first species to disappear when humans colonize new forests in the Americas (Leopold 1959; Reyna-Hurtado and Tanner 2007; Reyna-Hurtado et al. 2010) .
Bush pigs were positively correlated with grazing and hunting signs, which likely indicates that hunters look for signs of bush pigs and thereby setting their snares and traps where the probability of capture is the highest. However, the high persistence of this species in the 4 sites despite being a favorite prey for hunters indicates that this species is resistant to human impact and has strategies to survive in perturbed areas. This phenomenon is similar to the collared peccary (Pecari tajacu), which despite being the most hunted animal in many forests of Mexico are still present in similar numbers in reserves as in protected areas (Reyna-Hurtado and Tanner 2007).
Duikers were positively associated with grazing, charcoal processing, hunting, and pitswaying in Matiiri and also positively associated with hunting in Kibego. However, duiker numbers were negatively associated to pitsawying in Itwara. Browsing duikers tend to move to open spaces to look for grass and sunlight and thus they are likely attracted to the same areas as domestic animals. In Matiiri, where most pitsawying sites were old, duikers were positively associated with pitsawying. However, in Itwara, most sites were new and duikers were negatively associated with pitsawying, which likely reflects the state of regeneration. Similarly, in Neotropical forest, deer species (white-tailed deer Odocoileus virginianus and brocket deer Mazama temama and M. pandora) show a pattern of living in closed-canopy forest but take advantage of openings to browse (Reyna-Hurtado and Tanner 2005; Weber 2005; BelloGutiérrez et al. 2010) . Drawing inferences to all forest reserves must be made with caution, as logistical constraints limited us to sampling only 4 forest reserves. Sampling more reserves is required to test the generality of our findings.
Providing increased protection for these mammal populations will be difficult and will take a large multifaceted approach. One of those approaches could be to establish research stations or ecotourism sites, which have been shown to reduce poaching (Struhsaker et al. 2005 ). This phenomenon is poignantly illustrated by a study in Tai National Park, Cote d'Ivoire. A park-wide survey of the density of monkeys in Tai illustrated that regardless of primate species, density was 100 times higher near the protected research station and tourism site than the remainder of the park (N' Goran et al. 2012) . Similarly, in Moukalaba Doudou National Park, Gabon surveys demonstrated that ape nest density was 3 times lower at the park borders near human population centers, as compared to the park interior (Kuehl et al. 2009 ).
Another component for the protection of these forest reserves should involve new methods of conservation education. Public outreach is a conservation strategy that has been employed for decades. The idea being that if conservation biologists can illustrate to the community the value of a protected area, they will not exploit its resources. Unfortunately, contrary to expectations, studies in Africa have demonstrated that outreach programs designed to promote positive attitudes are seldom associated with successful conservation outcomes (Struhsaker et al. 2005) . It is our opinion that these negative results do not mean that this approach should be abandoned, but rather we should learn from past experiences and make the approach more effective. In fact, there is a resurgence of the application of this approach (Padua 2010; Savage et al. 2010 ) and its careful longterm evaluation (Jacobson 2010; Kuhar et al. 2010 ) and some of the original problems of such programs (Struhsaker et al. 2005; Kasenene and Ross 2008) are being addressed. Also new outreach approaches should be investigated. We have initiated one such new approach involving the union of the provision of health care and conservation; namely, the delivery of subsided health care to local communities bordering Ugandan national parks through the Mobile Health Clinic System (Uganda Wildlife Authority) and the establishment of a building that is a large clinic (Chapman et al. 2015) . The mobile health clinic is a means to reach many people, in fact it is estimated that approximately 30,000 people a year will be receive treatment and the outreach associated with the clinics will reach many more people.
In conclusion, we suggest that forest reserve size is a major factor in wildlife conservation, as has been suggested in parks (Simberloff 1998) . We also show that presence of human activities threatens the existence of terrestrial mammals in any protected areas and thus strongly recommends reduction in the presence and number of humans in forests reserves, including enforcement of laws, education programs, and, potentially, the establishment of research centers or ecotourism sites.
